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We are considering a possibility for detecting non-perturbative effect in process of top pair pro-
duction in association with a high pT photon. Starting from previous results on two solutions for
a spontaneous generation of wouldbe effective interaction of a top pair with a pair of electro-weak
bosons, we show, that a solution with effective cut-off Λ ≃ 102 TeV is already contradicting to
existing data, while the other one with Λ ≃ 1016 TeV (just the Planck scale) could be reconciled
with data and give predictions for process p + p → t¯tγ +X, which could be effectively checked at
the LHC with
√
s = 13TeV . The confirmation of the predictions would mean a strong support for
the existence of non-perturbative effects in the electro-weak interaction.
PACS numbers: 12.15.-y, 12.15.Ji, 14.70.Fm, 14.80.Ec
I. INTRODUCTION
The two constituents of the Standard Model, QCD
and the EW theory are renormalizable field theories in
which a perturbation theory can be duly developed. In
the region of the applicability of this theory the totality
of data shows excellent agreement with the theory, that
substantiates an assurance in an adequate description of
the elementary particles physics in the framework of the
SM. However, at least, in the strong interaction physics,
which is described by QCD, the presence of the non-
perturbative contributions is doubtless. This contribu-
tions manifest themselves in a small momenta area. For
example such effects arise as nonzero vacuum averages:
the gluon condensate V2 ≡< αspi GaµνGaµν > and the quark
condensate < q¯ q >. The behaviour of strong running
coupling αs(Q
2) itself definitely needs non-perturbative
modification, because the perturbative expression con-
tains a singularity at Q2 = Λ2QCD.
There are methods of dealing with the non-
perturbative effects, e.g. a description of the effects in
the lattice approach [1] and the effective interaction ap-
proach [2]. Here we would rely on the second option,
which was started by the famous Nambu - Jona-Lasinio
model [3, 4]. With application to quark structure of
hadrons this model adequately describes the low mo-
menta region, see e.g. review [5].
In dealing with method of effective interactions the
most important problem consists in their origin in the
framework of the initial renormalizable gauge theory. It
comes out, that promising prospects here has the concep-
tion of a spontaneous generation of effective interactions,
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which is based on methods being developed in the the-
ory of the superconductivity. We rely here on the com-
pensation approach by N.N. Bogoliubov [6], which was
successfully applied just to the superconductivity. In ap-
plication to effective interactions of the Standard Model
the approach may be also used (see details in book [7]).
Indeed, this approach was applied to spontaneous gen-
eration of the Nambu–Jona-Lasinio interaction in work
[8] and of three-gluon interaction (1) in work [9]. In the
course of this application, form-factors inherent to cor-
responding interactions are uniquely defined [27]. As an
additional confirmation of applicability of the method to
non-perturbative quantities, value V2 of the gluon con-
densate was calculated [9] in the agreement with its phe-
nomenological value. Emphasize, that the structure of a
variety of solutions in QCD indicates that similar effects
may be present in the electroweak theory as well.
In the course of considering options of a spontaneous
generation of an effective interaction, which acts in a lim-
ited region of the momentum space we proceed in the
way, which we illustrate with an example of the three-
gluon interaction of the form
LQCDeff = −
G
3!
· F · fabcGaµνGbνρGcρµ; (1)
where Gaµν is a gauge covariant gluon field, G is a dimen-
sional coupling parameter, fabc are structure constants
of the color SU(3) and symbol F ≡ F (p1, p2, p3) cor-
responds to a form-factor, which guarantees the action
of interaction (1) just in the limited region of small mo-
menta pi. This wouldbe low momenta effective inter-
action was earlier considered in the framework of phe-
nomenological models for low momenta QCD interac-
tion [10, 11]. According to the compensation approach
form-factor F is a solution of a compensation equation,
which is formulated according to the procedure add-
2subtract [6]. Indeed, let us consider QCD Lagrangian
consisting, as usually, of free part L0 and of interaction
part Lint
LQCD = L0 + Lint. (2)
Then we take expression (1) and redefine expression (2)
in the following way
LQCD = L¯0 + L¯int;
L¯0 = L0 − LQCDeff ; (3)
L¯int = Lint + L
QCD
eff .
Then we have to define the compensation equation for
the effective interaction. For the purpose we impose the
condition, that for the field theory with Lagrangian L¯0
(3) the 3-gluon vertex with Lorentz structure of interac-
tion (1) has to vanish, i.e. total contribution of the vertex
into the free Green function has to be equal to zero. In
the same time contribution into interaction Lagrangian
will not vanish by the reason of different sign before the
corresponding term.
The compensation equation evidently has the trivial
solution LQCDeff ≡ 0 and for the most cases of wouldbe ef-
fective Lagrangians it is just the only solution. However
we have succeeded to show, that here the compensation
equation has also two non-trivial solutions. The first one
has a small effective cut-off and a large value for gauge
coupling. This solution can be related just to QCD [9].
The second solution, on the contrary, corresponds to a
large effective cut-off and the relatively small gauge cou-
pling, that may be related to the electro-weak interac-
tion [12].
In the framework of the approach the generation of the
effective interaction being analogous to effective interac-
tion (1) is also quite natural
Leff = −
GW
3!
· FW · ǫabcW aµνW bνρW cρµ; (4)
GW =
g λ
M2W
; W 3µν = cos θW Zµν + sin θW Aµν ;
where g is the electro-weak gauge coupling, indices a, b, c
take three values 1, 3 and the third boson W 3µν is the
well-known composition of neutral vector bosons Z and
γ. The wouldbe existence of interaction (4) was discussed
in works [13, 14]. Again there is form-factor FW , which is
to be obtained as a solution of a compensation equation.
The first attempt to consider the spontaneous generation
of the interaction was made in work [15]. Interaction (4)
would lead to effects e.g. in the pair electro-weak bosons
production and was studied in experiments. The best
limitation for parameter λ is provided by recent data of
CMS Collaboration [16]
− 0.011 < λ < 0.011. (5)
In the electro-weak interaction necessity of non-
perturbative contributions nowadays is not so evident as
in QCD. However the structure of gauge theories is the
same for both cases. One might expect similar features
in both three-boson interactions (1) and (4). Both the
Nambu–Jona-Lasinio interaction and interaction (1) are
supposed to act in a low momenta region. This means,
that in both cases form-factors are present, which guar-
antee decreasing of intensity of the interactions for large
momenta. In the original NJL interaction [3, 4] a cut-off
was introduced for the purpose.
II. A QUEST FOR NON-PERTURBATIVE
EFFECTS OF THE ELECTROWEAK
INTERACTION.
The direct test for non-perturbative effects of interac-
tion (4) consist in an experimental study of the pair weak
boson production and for the moment it leads to limi-
tation (5). However there are also other effects, which
might be even more promising. In work [17] we have
studied contributions of interaction (4) to process of the
Higgs boson production in association with top quark
pair and have shown, that current table value of ratio
µ [28] for the process µ = 2.3+0.7
−0.6 [18] leads to estimate
λ = −0.0057+0.0028
−0.0039, that evidently is consistent with
zero, but it allows also an existence of a wouldbe sig-
nificant non-perturbative contribution. The last data for
this effect at
√
s = 13TeV being obtained by CMS [19]
and ATLAS [20], are correspondingly
µ = 1.26+0.31
−0.26; µ = 1.32
+0.28
−0.26; (6)
with average µ = 1.29+0.23
−0.20. According to [17] this corre-
spond to value λ = −0.0013±0.0010. Both estimates for
λ are consistent with zero, but we may also note, that
the PDG value and estimates (6) do not contradict e.g.
to
λ ≃ −0.003. (7)
The question is, if we may hope to study possible non-
perturbative effects on the level of value (7)? In any case
it seems advisable to look for other ways for studying of
non-perturbative effects.
In particular, we may rely on the possible non-
perturbative effect, which was discussed in work [21]. In
this work the spontaneous generation of the would-be
four-boson interaction of the form, proposed in work [22],
is considered. Let us consider a possibility of a sponta-
neous generation of the following effective interaction of
electroweak gauge bosons [21]
L4Weff = −
G2
8
W aµW
a
µW
b
ρσW
b
ρσ −
G3
8
W aµW
a
µBρσBρσ −
G4
8
ZµZµW
b
ρσW
b
ρσ −
G5
8
ZµZµBρσBρσ. (8)
where we maintain the gauge invariance for the electro-
magnetic field. Here indices a correspond to charged W -
3FIG. 1: Diagram representation of an example of compensa-
tion equations. Here simple line represent W -s, dotted lines
represent B or Z -bosons according to letter notices.
s, that is they take values 1, 2, while an index b cor-
responds to three components of W defined by the ini-
tial formulation of the electro-weak interaction. While
considering solutions of compensation equations, corre-
sponding to wouldbe interaction (8) we have to introduce
an effective cut-off Λ, which is also a parameter to be de-
fined in case of existence of a non-trivial solution of the
set of equations [21].
We consider the set of compensation equations cor-
responding to wouldbe interaction (8) in the one loop
approximation. In doing this we introduce a formfactor
being proportional to a step function, defining effective
cut-off Λ,
F (pi) ≃ θ(Λ2 − (p1 + p2)2); (9)
where p1,2 are Euclid momenta of virtual bosons at
FIG. 1. Λ is also a parameter to be defined in case of an
existence of a non-trivial solution of the set of compensa-
tion equations [21]. In the case of Nambu - Jona-Lazinio
theory we have consider the one-loop approximation as
well as two loop one, and found that the difference in
resulting parameters is of order of magnitude of 10 per-
cent. We would use this result for an estimation of the
wouldbe accuracy.
An example of these equations is presented in diagram
form at FIG. 1. Full set determines couplings for each
vertex as well as the cut-off. There are two solutions
which satisfy our conditions. The procedure is described
in details in work [21]. Namely, for the both solutions
G3 = G5 = 0 and
G2 = −2.20 · 10−33TeV −2; G4 = −4.96 · 10−33TeV −2
Λ = 8.69 · 1019GeV ; (10)
G2 = −6.24 · 10−5TeV −2; G4 = −9.38 · 10−5TeV −2
Λ = 5.23 · 105GeV. (11)
Solutions (10, 11) lead to definition of effective inter-
action with participation of the t-quarks in accordance
to diagrams in FIG. 2.
GWt¯t
4
t¯tW bµν W
b
µν ; (12)
were b, just as above, takes 3 values. Solutions (10, 11)
provide the following values of parameters GWt¯t in (12)
for interaction (8)
G
(1)
Wt¯t
= 1.50 · 10−8GeV −3, Λ = 8.69 · 1019GeV ; (13)
FIG. 2: Diagram representation of t¯tWW vertex. Here left-
side lines represent t-quarks, dotted lines represent Z-bosons
and full lines correspond to W±. Right-side vertices corre-
spond to a solution for interaction (8)
G
(2)
Wt¯t
= 4.25 · 10−8GeV −3, Λ = 5.23 · 105GeV. (14)
Interaction (12) leads to effects in associated top pair pro-
duction with electroweak bosons W±, Z, which for the
first solution are presented in work [21]. The new data for
the process at
√
s = 13TeV [23] results in contradiction
with the second solution (14), while is consistent with the
first solution (13) as well as with zero value for GWt¯t. Let
us show in TABLE I results for cross sections of the rele-
vant processes at
√
s = 13TeV and corresponding ratios
µ for solutions (13) and (14). We immediately see, that
values µ(G
(2)
Wt¯t
) at
√
s = 13TeV for process
p + p → t¯ tW± + X ; (15)
contradict result of recent work [23], which presents the
following data for parameters under discussion
µ(Wt¯t) = 1.23+0.19
−0.18(stat)
+0.20
−0.18(syst)
+0.13
−0.12(theo) ;
µ(Z t¯t) = 1.17+0.11
−0.10(stat)
+0.14
−0.12(syst)
+0.11
−0.12(theo) . (16)
Experimental result (16) evidently excludes the second
solution (14). However the first solution (13) has no
contradiction, as well as the perturbative SM prediction
µ = 1.
We would emphasize, that the first solution corre-
sponds to very high effective cut-off, which can be related
to the Planck mass MPl = 1.221 · 1019GeV/c2. Indeed,
prediction (13) is close to the following quantity
Λ(1) ≃ 2πMPl c2 = 7.67 · 1019GeV. (17)
In case of a real occurrence of solution (10, 13), we may
hope for better understanding of the well-known prob-
lem of the hierarchy [24]. Indeed, the approach under
the consideration is based on the electroweak scale pa-
rameters and the Planck mass scale arises here as a re-
sult of the spontaneous generation of the corresponding
effective interaction. That is the Planck scale and the
habitual electroweak scale may become mutually consis-
tent.
4TABLE I: SM results for cross-sections of processes p+ p →
t¯tV at
√
s = 13TeV and predictions for ratios µ being due to
effective interaction (12).
channel σSM pb, 13 TeV µ(G
(1)
Wt¯t
) µ(G
(2)
Wt¯t
)
t¯tW 0.77+0.18−0.16 1.27 3.18
t¯tZ 0.99+0.15−0.13 1.06 1.50
TABLE II: SM LO results for cross-sections of processes
p + p → t¯tW± at √s = 13 TeV and predictions for three
values µi for intervals of pT of the W boson in corre-
spondence to values of wouldbe coupling Gi
Wt¯t
: G1
Wt¯t
=
1.35 · 10−8GeV −3, G2
Wt¯t
= 1.5 · 10−8GeV −3, G3
Wt¯t
= 1.65 ·
10−8GeV −3.
pT (W )GeV σSM fb µ1 µ2 µ3
> 100 223.29 1.51 1.63 1.76
> 150 123.60 1.90 2.11 2.35
> 200 72.82 2.46 2.81 3.19
> 250 44.58 3.28 3.81 4.41
> 300 28.40 4.39 5.18 6.07
Let us draw attention to process (15). The dependence
on a transverse momentum of the W boson allows to ex-
tract the effect of interaction (12). In TABLE II we show
this dependence for three value of GWt¯t one of which is
just value (13) and the two others are 10% up and down.
We do take this variation of the coupling constant due to
estimate of the accuracy of the approach being by the or-
der of magnitude 10−15% [25]. Note, that the difference
between values (13) and (17) is also of the same order of
magnitude.
With actual integral luminosity L ≃ 30 fb−1 we see, that
optimal cut-of may be pT > 200GeV . We have consid-
ered also possibility of registration of the effect in process
p+ p→ t¯tγ. The results for the same values of coupling
GWt¯t are shown in TABLE III. Of course, the values
for the cross-sections are smaller, than for the process
with W bosons, however, preferences in the registration
efficiency of photons may make the study of the pro-
cess promising. For example with pT > 450GeV the
effect in µ is significant, namely for integral luminosity
L = 35 fb−1 there may around 600 events of the process.
Data for
√
s = 7TeV and integral luminosity 4.59 fb−1
[26] agree the SM prediction. For illustration we show in
TABLE IV our corresponding results. The results show
no contradiction with experiment [26], which has used
cut ET (γ) > 20GeV .
TABLE III: SM LO results for cross-sections of processes p+
p → t¯tγ at √s = 13TeV and predictions for three values µi
in dependence of minimal value of pT (γ) in correspondence to
values of wouldbe coupling Gi
Wt¯t
, the same as in TABLE II.
pT (γ)GeV σSM fb µ1 µ2 µ3
> 300 34.61 1.30 1.37 1.45
> 350 20.62 1.47 1.58 1.70
> 400 12.64 1.72 1.88 2.07
> 450 7.97 2.05 2.30 2.57
> 500 5.16 2.50 2.85 3.24
> 600 2.29 3.84 4.51 5.25
TABLE IV: SM LO results for cross-sections of processes p+
p→ t¯tγ at √s = 7TeV and predictions for three values µi in
dependence on minimal value of pT (γ) in correspondence to
values of wouldbe coupling Gi
Wt¯t
, the same as in TABLE II
pT (γ)GeV σSM fb µ1 µ2 µ3
> 20 458.8 1.002 1.0024 1.003
> 50 190.1 1.0044 1.0048 1.0064
> 100 70.1 1.011 1.012 1.015
> 200 14.6 1.04 1.05 1.06
> 300 3.84 1.11 1.14 1.17
III. CONCLUSIONS
The problem of wouldbe non-perturbative contribu-
tions of the electroweak interaction is a fundamental
one. In the present article we discuss possibilities for
a registration of non-perturbative effects in processes
p+p→ t¯tW± and p+p→ t¯tγ. The predicted effects seem
to be achievable for LHC experiments at
√
s = 13TeV
with the actual luminosity. A confirmation of our predic-
tions would prove the existence of the non-perturbative
contributions. We have already emphasized that the pre-
dictions under discussion correspond to effective cut-off
Λ (17) being close to the Planck boundary, that may open
a way to understanding of the famous hierarchy problem.
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